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BACKGROUND OF THE INVENTION 

Field: This disclosure is concerned generally with methods of inactivating viruses in solutions of 
therapeutic biologically active proteins and, specifically, with the use of tri(n-butyl) phosphate (TNBP), under 
5 unusual conditions, sufficient to assure virucidal action without adverse effect on the proteins. 

Prior Art: The utility of nonexplosive organic solvent mixtures for the preparation of viral vaccines, and, 
more recently, for inactivation of endogenous viruses in preparations of biological products derived from 
human plasma, have been limited by the pH sensitivity of the proteins of interest. 

One common virucidal compound used with biologically active proteins is TNBP, often combined with a 
10 non-ionic detergent such as polysorbate 80 (Tween 80), or an anionic detergent, cholate. Treatment is 
carried out at neutral pH. See, for example, Horowitz et al, Transfusion 1985; 25:516-522. 

In the past, biologically active proteins (e.g., obtained from blood) were processed at a neutral pH (i.e., 
6.8 to 7.2) and it has been in this pH range that virucidal compounds have been used. The development of 
biological products (mainly antibodies of IgG and IgM types), from both human plasma origin and 
15 hybridoma technology, as well as recombinant DNA products, has recently permitted purification processes 
at much lower pH without deleterious effects. 

We have found that there is a novel pH-dependency of TNBP for inactivating lipid-enveloped viruses 
while preserving the biological activity of proteins such as immunoglobulins. This pH dependency has been 
found to be fortuitously consistent with the finding that certain biologically active proteins (e.g., antibodies) 
20 can be advantageously processed at lower pH ranges. Details of our discovery are described below. 

SUMMARY OF THE INVENTION 

Our method of assuring the substantial reduction (viral inactivation) of lipid-coated viruses in an aqueous 
25 solution of biologically active, therapeutic proteins comprises contacting the solution with TNBP, at a pH 
ranging from 3.0 to 5.0, preferably at a pH from 4.0 to 4.85 under conditions sufficient to assure the 
substantial reduction of viruses (at least 2 logs virus titer reduction) without adversely affecting the 
biological activity of the proteins (i.e., less than 30% loss of activity). 

30 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a graph showing the relationship of pH to virus inactivation using the method of this 
invention. 

Figure 2 is a graph showing the effect of pH, as a function of time, on virus inactivation using the 
35 method of this invention. 

SPECIFIC EMBODIMENTS 

Evidence to support the enhanced virucidal efficacy of TNBP at low pH followed the demonstration of 
40 similar pH-dependency of saturated intermediate chain-length alcohols and acids for inactivating lipid- 
. enveloped viruses (see, for example, Dobkin et al, Biologicals 1991; (19(in press)). There is no published 
literature using TNBP for inactivating viruses at pH below 6.0 (see, for example, Edwards et al, Vox 
Sanguinis 1987; 52:53-59). 

45 MATERIALS AND METHODS 

Chemical Agents 

Tri(n-butyl) phosphate and the detergent polysorbate 80 (Tween 80) were reagent grade and obtained 
so from Sigma Chemicals, St. Louis, Mo. Protein solutions were buffered at the indicated pH with sodium 
acetate (J.T. Baker Chemical Co., Phillipsburg, NJ.) and TRIS(hydroxymethyl)aminomethane (Trizma base, 
Sigma). 

Virus 

55 

Vesicular stomatitis virus (VSV), Indiana strain, obtained from the Finnish Red Cross, is a lipid- 
enveloped Rhabdovirus. Vaccinia virus , Lederle strain, ATCC VR-118, is a lipid-enveloped Poxvirus. Sindbis . 
(Togavirus) and Visna (Lentivirus) are lipid-enveloped viruses. Derivation of viruses was reported previously 



2 



EP 0 523 406 A1 

(see, Lembach et al, Current Studies in Hematology and Blood Transfusion . Basel, Karger, 1989; 56:97- 
108). 

Virus Assay 

5 

VSV was titrated under standard conditions on monolayers of VERO cells grown in 24 well plates using 
4 wells per dilution. Titers are expressed in terms of tissue culture infectious doses as a 50% end-point per 
mL (TCIDso/mL). 

Other viruses were titrated in similar fashion on monolayers of their respective host cells under standard 
10 conditions assessing cytopathic effects. 

Proteins 

plasma-derived IgM (pd-IgM) was purified from human plasma by the Cohn-Oncley process (Fraction 
T5 III), modified by Steinbuch. Human serum albumin was purified from human plasma by the Cohn-Oncley 
process (Fraction V). 

Monoclonal antibody (human) of class G (m-IgG, anti-tumor necrosis factor, cell line ATCC Accession 
No. HB9736, was derived from Epstein-Barr virus-transformed human B lymphocytes grown in suspension 
culture. IgG was purified to greater than 98% by ion exchange and size exclusion chromatography. 
20 Protein recovery was evaluated by A280, radial immunodiffusion, and FPLC-Superose 6 (Pharmacia fast 
protein liquid chromatography by size exclusion). 

Treatment Protocol 

25 Protein solutions were seeded with a 1/100 dilution of stock virus to minimize the effects of virus- 
containing medium. A volume of TNBP or TNBP/Tween 80 concentrate was added to give a final 
concentration of 0.3% TNBP or 0.3% TNBP and 1.0% Tween 80. Treated and control samples were 
incubated with continuous gentle mixing at 4'C or 24 'C under the specified conditions. Samples were 
removed at appropriate intervals and titrated immediately for residual infectious virus. 

30 

RESULTS 

Effect of pH on Virucidal Efficiency 

35 To determine the influence of pH on the ability of TNBP to inactivate viruses in a model protein 
solution, an experiment was carried out with VSV in a 0.5 mg/mL solution of human albumin at 4' C for 60 
minutes. Additionally, in order to assess the virucidal efficiency of the separate components as well as the 
combination, treatment was carried out with 0.3% TNBP, 1.0% Tween 80, or a mixture of 0.3% TNBP and 
1.0% Tween 80. The results of this comparison are shown in Table 1. Virus reduction (logio) is plotted as a 

40 function of pH, as shown in Figure 1. 
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Table 1 

Effect of pH on Inactivation of VSV in 0.5 xng/ml Human 
Albumin Containing Various Combinations of 0.3% TNBP and 
1.0% Tween 8 0 at 4*C for 60 minutes. 

Virus Titer Remaining 

pH TNBP Tween 8 0 TNBP/Tween 80 



4.0 


3.25 


6.75 


<2.5* 


4.4 


3.0 


N.D. 


3.5 


4.8 


<2.75 


>7.25 


5.0 


5.5 


4.0 


N.D 


5.0 


6.0 


4.5 


>7.5, 


6.0 


8.0 


6.75 


>7.5 


6.75 


Control 


(No TNBP or 


Tween 80) 




4.0 


7.0 


7.25 


6.75 



*: LOG 1Q TCID 50 /ML 

In the absence of any inactivating effect of pH, per se, on the virus, the maximum virus kill with TNBP, 
with or without Tween 80, was obtained at pH 4.0 - 4.8. An inverse relationship was demonstrated between 
increasing pH and virucidal efficiency. Under the conditions of this experiment, it is clear that TNBP was the 
essential virucidal component, and Tween 80 provided no enhancement at pH less than 6.0. 

In another experiment, the effect of pH on the inactivation kinetics of VSV in a solution of pd-IgM 
containing 0.3% TNBP and 1.0% Tween 80 was evaluated. Except for the proteins and the virucidal 
reagents, no salts or other ions were present in this solution. The pH range was 4.25 - 5.1. and the 
incubation conditions were 24 * C for 3 hours. 

The effect of pH on viral infectivity is seen in Table 2. Virus reduction (logio) in pd-IgM is plotted as a 
function of pH, as shown in Figure 1. 
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Table 2 

5 Inactivation Kinetics of VSV in pd-IgM at pH 4.25 - 5.1 

Containing 0.3% TNBP and 1.0% Tween 80 or 0.3% TNBP Alone at 
24 *C for 1 and 3 hours. 

1 ° . . . 

Virus Titer Remaining 

Time pH 
15 (hours) 4.25 4.4 4.8 5.1 4.8 (no Tween) 

1 <2.5* <2.5 3.5 5.5 <2.75 

3 <2.5 <2.5 <2.5 5.25 < 2 . 5 



20 



25 



30 



Control (No TNBP/Tween) 

0 — — — — 7.75 

3 6.75 — — — 7.0 

* : LOG 10 TCID 50 /MIi 
— : not tested. 



Consistent with the previous data (Table 1), VSV was reduced below minimum detection at pH 4.25 
and pH 4.4 in less than 1 hour, and at pH 4.8 after 3 hours of treatment. At pH 5.1 , virus remained 
35 detectable after 3 hours at 24 • C, having been reduced in titer only 1 .5 logs. Thus, even in an environment 
of low ionic strength, 0.3% TNBP and 1.0% Tween 80 remained highly virucidal, provided treatment was 
carried out below pH 5.1. The last column shows that the presence of the polysorbate 80 (Tween 80) is not 
required; inactivation at lower pH was greater without the Tween 80. 

A detailed kinetics study between pH 4.8 and pH 4.95 is given in Table 3. Virus reduction is plotted as 
40 a function of time in Figure 2. Virucidal efficiency was much greater at pH 4.8, compared to pH 4.95 or 7.0. 
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Table 3 

Inactivation Kinetics of VSV in pd-IgM at 24 *C for 8 hours. 
Virus Titer Remaining 



Time TNBP 0.3% 0*3% 0.3% 0.24% 

(Hours) Tween 0 1.0% 1.0% 0.8% 

pH 4.8 4.8 4.95 4.85 

1 <2.75 5.5 5.75 5.75 

2 <2.5 5.25 5.75 

4 <2.5 3.5 5.75 4.75 

6 <2.5 <2.75 4.75 4.25 

8 <2.5 <2.5 4.5 4.0 

Control (No TNBP/Tween) 

8 7.0 7.0 7.25 7.5 



*: LOG 10 TCID 5( /ML 
— : not tested. 

Studies were conducted to determine whether other viruses were similarly inactivated by TNBP at low 
pH. The effect of 0.3% TNBP, 1.0% Tween 80 at pH 4.85 is seen in Table 4, demonstrating that a variety 
of viruses are inactivated. 



EP 0 523 406 A1 



Table 4 

Inactivation Kinetics of VSV in pd-IgM at pH 4.85 Containing 
0.3% TNBP and 1.0% Tween 80 at 24 *C for 4 hours. 



70 



Time 
(hours) 



VSV 



Virus Titer Remaining 

Sindbis Vaccinia Visna 



75 0 



(8.0)* (6.75) (4.5) 



(6,25) 



20 



0.5 



3.25 



5.25 



<2.5 



<2.5 



4.25 



3.25 



25 



30 



35 



4.0 

<2.75 
(7.5) 



( ) : untreated 
* : IX>G 10 TCID 50 /MIi 
— : not tested. 



<2.5 

<2.5 
(6.0) 



<2.5 

<2.5 
(4.0) 



<2.75 

<2 .5 
(5.75) 



Protein recovery under a variety of conditions is reported in Table 5. Recovery was not substantially 
affected under these conditions. It is noted that the effects of low pH alone may be detrimental to specific 
proteins. However, in the case of the antibodies and other cited proteins, no significant loss of activity was 
40 found after using the low pH methods of this disclosure. 

Table 5 
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Effect of Conditions on Protein Recovery in Buffered Solutions Containing 




0.3% TNBP and 1 .0% Tween 80 at 24' C for 8 hours. 




PH 




Recovery (% of initial) 






pd-IgM 


Albumin 


IgG 


4.0 




85 


100 




95 


4.8 




95 


100 




100 


5.5 




100 


100 




100 



Given the above disclosure it is thought variations will occur to those skilled in the art. Thus, the above 
examples should be construed as illustrative and the invention disclosed here should be limited only by the 
following claims. 



Claims 
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1. A method of inactivating viruses in an aqueous solution of therapeutic, biologically active proteins 
comprising the steps of contacting the solution with TNBP at a pH ranging from about 3.0 to about 5.0 
under conditions sufficient to assure substantial reduction of the viruses without adverse effect on the 

5 " proteins. 

2. The method of claim 1 comprising the additional steps of including a detergent. 

3. The method of claim 2 wherein the detergent is polysorbate 80. 

10 

4. The method of claim 1 wherein the pH ranges from about 4.0 to about 4.85. 

5. The method of claim 1 wherein the proteins are antibodies. 

is 6. The method of claim 5 wherein the antibodies are of type IgM or IgG. 

7. The method of claim 1 wherein reduction of viruses is greater than 2 logs. 

8. The method of claim 1 wherein adverse effects on the biological activity of the proteins are less than 
20 30%. 
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